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(57) A data communication method in which trans- 
mission/receiving is performed for each frame accord- 
ing to an unbalanced half-duplex high-level data link 
control communk»tion method, and between one and 
the other stations, comprises the step of: transferring 
transmission right to the other station, when the one sta- 
tion receives a frame, and the received frame is a trans- 
mission right transferring frame snA is a data frame. 
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Description 

FIELD OF THE INVENTION 

Tlie present invention relates to a data communica- s 
Won method, a data communication apparatus, and a 
data communication program recording medium and. 
more particularly to data communication In which data 
is transmitted/received for each frame according to an 
unbalanced half-duplex tHDLC (High-level Data Link io 
Control) communication method. The present invention 
also relates to a data communication method, a data 
communication apparatus, and a data communication 
program recording medium in an IrDA (Infrared Data 
Assodation) communication system In which communis is 
cation is performed between primary and secondary 
stations by infrared. 

BACKORQUND QFTHE INVENTION 

20 

In recent years, Infrared communications are widely 
used for data exchange between pieces of portable 
electronic equipment, for example, portable personal 
terminals such as note type personal computers or 
electronic notes, or between these electronic equipment zs 
and desktop personal computers or infrared printers. As 
an infrared communication method, there is an IrDA 
method or an ASK (Amplitude Shift Keying) method. 
The IrDA method is communication protocol defined for 
infrared communications, based on the HDLC commu- 30 
nication method as a communication method for high- 
speed and high-efficiency transmission between com- 
puters, and it Is commonly used. 

In general, packet switching is employed for data 
transmission in computers or the like, in which packets ss 
each comprising data of a given size, a serial number 
given before/after the data, address information, or the 
like, are transmittedA'eceived. A packet for use in the 
HDLC method or the IrDA method is termed "frame". 

The frame comprises an address (A) fiekl, a control 4o 
(0) field, an information (I) field, an PCS (Frame Check 
Sequence) field, and a flag given before/after the frame, 
and there are an l(tnformat!on) frame fbr information 
(data) transfer, an S (Supervisory) frame for supervisory 
control In communications, and a U(Unnunnbered) 46 
frame for connection or disconnection In communica- 
tions. 

In many cases, data to-be-transmitted is not sent in 
one frame, and therefore the data is divided Into plural 
frames (I frame) . The I frame Includes data to-be-trans- so 
mitted In the I field, and has a serial number for check- 
ing lack of data to realize a highly reliable 
communication. The S frame has no I field, and is used 
fbr transmitting "receiving setup completion". T5usy con- 
dition", "retransmission request", and so forth. The U ss 
frame has no number unlike the I frame, and therefore is 
called "non-number frame", which is used fbr setting 
communication mode, report on response or abnormal 



condition, or establishment or connection of data link. 

As described above, the IrDA communication 
method Is based on the HDLC communication method. 
In general, as the communication method, there are a 
full-duplex communication method in which transmis- 
sion and receiving can be performed simultaneously, 
and a half-duplex communication method in which they 
cannot be performed simultaneously, and in the haif- 
duplex communication method, a signal for switching 
between transmission and receiving must be defined. 
While the full-duplex method can be err^loyed in the 
HDLC method, when employed in the IrDA method, nor- 
mal communication cannot be performed. This is 
because the IrDA method uses base band modulation 
infrared that propagates in a free space for transmitting 
data, and interference by the infrared occurs if two or 
more stations simultaneously perform transmission in a 
communication area. For this reason, the IrDA method 
employs the half-duplex method, in which transmission 
is performed only when no infrared presents in a com- 
munication area before establishing a communication 
link, and transmission right is exchanged between two 
stations on a regular basis after establishing the com- 
munication link 

Rgure 9(a) shows an application of this communi- 
cation method. In the HDLC method or the IrDA 
method, an entity which performs transmission or 
receiving is called a "station", and there are a primary 
station and a secondary station. The primary station 
performs data link control for controlling communica- 
tions, and the secondary station is under the control of 
the primary station, and the two stations performs com- 
munication by transmitting/receiving the frame as com- 
mand (primary to secondary) and response (secondary 
to primary), which is called an "unbalanced communica- 
tion method". As shown in figure 9(a), computers or 
electronic notes function as stations^ and performs data 
exchange using the infrared as a transmission medium. 

Figure 9(b) shows a sequence for explaining a pro- 
cedure in these communication methods. As shown in 
the figure, A station requests connection fbr data trans- 
mission, and transmits SNHM frame to B station, which 
transmits DM frame to the A station when communica- 
tion Is impossible, and transmits UA frame indicating 
"ALL RIGHRT" when communication is possible. The 
SNRM frame, the DM frame, and the UA frame are all 
the U frame. When the B station transmits the UA frame 
to the A station, the two stations enter the connection 
state, whereby data exchange is possible. 

In this illustrated example, the A station transmits 
data, i.e., plural 1 frames, to the B station. Initially, the A 
station gives number "0" to a first data frame, and trans- 
mits the first frame as tiie I frame. Upon receipt of tiiis, 
the B station ti'ansmits a frame to which number "1" is 
given, indicating tiiat "transmit the data of number 1". 
This response frame Is the S frame called RR frame. 
The A station confirms the response of the B station, 
and transmits the data of number "r to tiie B station. 
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This procedure \s repeats as neceesary, to provide 
higher preceion in communication o? plural framee. 

Upon completion off data transmission, the A station 
transmhs the U frame indicating a disconnection 
recEuest. i.e.. DISC frame, to the B station, which trar%- 
mits the U frame indicating *ALL RIQHT". i.e., UA frame 
to the A station, to make disconnectton between these 
two stations, thereby the oomnunication is completed. 
In addition, In a case where abnormal communication or 
the like occurs in any of these stations, the station 
issues a disconnection request thereto the oommuni- 
cation is completed. 

Hereinafter, (1) li-ansmisston/Receiving of Data of 
Plural Frames. (2} Use of Rec^ving Buffer, and (3) 
Avoidance of self receiving will be described with refer- 
ence to fQiures. 

(1)Transnf^on/Reoelving of Data of Plural Frames 

As mentioned previously, the half-duptest method 
requires establishing a rule of a procedure of exchange 
of transmission right, and In this rule, a frame with a bit 
in a predetermined position in a control field (C field) of 
the frame to-be-transmitted set as a poll bit or a final bit 
is defined as a transmission right transferring frame for 
transmitting transferring of the transmission right Hie 
bit in the predetermined position is set as the poll bit in 
a frame which is transmitted primary to secondary sta- 
tion, and as the final t»t in a frame which is transmitted 
secondary to primary station. 

EKcrwigIng transmission right all the time during 
communication causes power consumption to be 
increased due to emission of Infirared for transmitting 
the transmission right transfem'rtg frame, so that this is 
undesirable to note type computers or portable termi- 
nals of which power saving is demanded. To suppress 
unnecessary power consumption, in a case where there 
is no data to-te-transmitted from primary to secondary 
slErtion, the primary station transmits a transmission 
right transfenring frame to the secondary statics after a 
certain time has elapsed. This time is called "waiting 
time " and also called "maximum turn around time dur- 
ing which time, the tran&nisslon right can be held. 

Also, in principle, the statbn to which the transmis- 
sion right transfem'ng frame has been transmitted, 
tran&nits a response frame or the WUb, Therefore, if the 
secondary station does rtot transmit any transmission 
right transferring frame even after an elapse of the max- 
imum turn around time after the prinrsry sBatlon has 
transf^red the transmission right to the secondary sta- 
tion, the primary station decides that the transmission 
right has not been transferred to the secondary station, 
and retries the tailed operation. 

Heretnaftar. communication between the primary 
and secondary stations in which data is transmitted 
while exchanging the transmission right \yy a prior art 
data communication method, will be described. Figure 
10(a) shows a sequence on wNch data, i.e., divided plu- 



ral f rantes are transmitted from the pr^ary to second- 
ary station, and figure 1 0(b) shows a sequence in which 
the same data transmis^on is rrade in the reverse 
direction. In the figure, "P" and "P designate the trar^- 

5 mission right transferring frame with the poll t^it set and 
the transmission right transferring frame with tiief bial bat 
set. r^ectively. In these sequences, all the frames are 
transmission right transferring frames. 

Rrst, data transmission from the primary to second- 

10 ary station will be de^ibed. Referring to figure 10(a). 
the primary station transmits an initial frame including 
data, I.e., an l frame 511 of transmission order number 
as the transmission right transfen'ing frame, to tiie 
secondary station, which transmits an RR frame 521 of 

16 rec^ng order number "1" as a response frame, indi- 
cating that it should receive data "1 to the primary sta* 
tion. Then, the primary station transmits an I frame 512 
of transmission order numk)er * 1 ' to the secondary sta- 
tion. Thereafter, the primary station transmits I frames 

20 Of serial numbers (plural frames) to the secondary sta- 
tion In the eame manner wittiout delay. The elapsed 
time from when the prinwy station transmits an I frame 
of a certain number until it transmits an I frame of a 8ijA>* 
sequent number, i.e.. tOI. t12 Is shorter than the 

25 nmimum turn around time. 

Next, data transmission from the secondary to pri- 
mary station will be described. Referring to figure 10(b), 
the secondary station transmits an initial frame includ- 
ing data, an I frame 621 of transmission order number 

30 "0" to tiie primary station. As with the above case, tiie 
frame 021 Is the transmission right transferring frame, 
and the secondary station transf^ tiie tranemisslon 
right to the primary station and then waits for a 
response from the primary station. However, the pri- 

35 mary station re^f^onds to the secondary station without 
fransmltting data thereta Therefbre. fbllc^Adng the rule 
mentioned above, the primary station transmits a 
response frame, i.e., an RR frame 61 1 to the secondary 
station as the transmi^ion right transferring frame after 

40 an elapse of the maximum turn around time 1m". The 
transmission right havmg been transferred, the second- 
ary station can transmit subsequent data, and therefore 
transmits an I frame 622. Thereafter, the fbllowing data 
Is tfansmltted in the same manner. Since the RR frame 

46 Is transmitted after an elapse of the maximum turn 
around time unless data transmission is made by the 
primary station, tiie elapsed time from when the sec- 
ondary station tranmita an I frarrte of a certain nuntber 
until It transmits an I ftrame of a subsequent number, l.a . 

so tOI, t12 is longer than the maximum turn around 

time. 

Irujeed, the primary station may be set to perform 
transmission after time shorter than tiie maximum tum 
around time has elapsed. However, also in ths case» 
55 virtually the same time as tiie maximum turn around 
time ^pses. and therefore tiie secondary station waHs 
for a long time after all. 
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(2) U$e of Receiving Buffer 

In actuality, the primary and secondary stations are 
computers or the like, and in some cases, therefore, 
communication is performed concurrently with another 5 
task, or an interruption takes place during the communi- 
cation. Hence, in these cases, received data cannot be 
processed immediatety. So, received data is temporarily 
stored in a receiving buffer and then data is sequentially 
fetched therefrom. The receiving buffer is implemented io 
by a high-speed storage device such as a memory, and 
whose size is generally determined for each frame. 

Data communication between the primary station 
and the secondary station provided with the receiving 
buffer wilt be described with reference to figure 1 1 . Fig- is 
ure 1 1 shows a sequence of transmitting divided plural I 
frames from the secondary to primary station. All the 
frames are transmission right transferring frames, each 
of which has a poll/final bit set therein. The secondary 
station is provided with receiving buffers 01 and 02 for 20 
two frames, respectively. 

After the secondary station has transmitted an 1 
frame off transmission order nuntber "O**. it cannot per- 
form receiving processing for more than the maximum 
turn around time (tm). The most llkeiy reason for this is 25 
considerable processing burden of another task. During 
this time, the primary station transmits an RR frame 71 1 
as an initial response frame. However, since the sec- 
ondary station does not transmit any transferring frame 
even after an elapse of the maximum turn around $o 
tlme(tm) after the primary station has transferred the 
transmission right to the secondary station, the primary 
station decides that the transmission right has not been 
transferred to the secondary station, and retries the 
failed operation. The primary station responds by trans- 35 
mitting an RR frame 712, i.e., a retransmission frame off 
the RR frame 71 1 . The frames 71 1 and 712 are respec- 
tively off receiving order number "1 Indicating that sub- 
sequent data is numbered "1 In the secondary station 
in which receiving processing is delayed, the transmit- 40 
ted RR frames 71 1 and 712 are retained in the receiving 
buffers 01 and 02, respectively, l^ore specifically, the 
frame 71 1 is first retained In the buffer 01 , and the frame 
712 is then retained in the bufffdr 02. 

Subsequently, the secondary station performs 45 
receiving processing. After processing of the least 
recent frame 71 1 in the receiving buffer 01, the frame 
71 2 in the buffer 02 moves to the buffer 01 . The second- 
ary station transmits an I frame 722 off transmission 
order number "1" corresponding to receiving order so 
number "1" of the processed RR frame 711 to the pri- 
mary station. 

The primary station transmits an RR frame 713 of 
receiving order number **2 " In response to the transmis- 
sion order nuniber "1 Since the frame 712 Is retained b5 
In the buffer 01, the frame 713 is retained in the buffer 
02. and waits for processing. 

Then, the secondary station processes the frame 
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712 retained in the receiving buffer 01. In other words, 
the secondary station processes the frame 712 in the 
receiving order before processing the most recent 
frame 713 transmitted from the primary station. The 
receiving order number of the frame 712 is "1" and, 
therefore it is before "2" of the most recent frame trans- 
mitted from the primary station. The secondary station 
transmits the I frame 722 of transmission order nurr^er 
^•r, and then processes the frame 712. Therefore, it 
decides that the primary station has not received the I 
frame 722, and transmits an I frame 723 as a retrans- 
mission frame of the I frame 722. 

Meanwhile, the primary station has transmitted an 
RR frame 713 of receiving order number "2", and 
expects that it will receive a frame of transmission order 
number "2". In actuality, however, the primary station 
receives an I frame 723 of transmission order number 
"1 The transmission order number "1 " of the frame 723 
Is before transmission order number "2" expected by the 
primary station. In the IrDA communication method, this 
is assumed to be abnormal communication, and the 
oommunication link can be disconnected by transmitting 
a DISC frame 714 as a disconnection request frame 
from the primary station. 

The secondary station processes the RR frame 713 
retained in the receiving buffer 02, and then transmits 
an I frame 724 of transmission order number "2". How- 
ever, the primary station has transmitted the disconnec- 
tion request. Therefore, the secondary station receives 
and processes the disconnection request DISC frame 
714, and transmits a disconnection response UA frame 
725, thereby the communication link between the pri- 
mary and secondary stations is disconnected. 

(3) Avoidance of Self Receiving 

In general, in optical communications such as infra^ 
red communications, a computer or a portable terminal 
Is provided with a communication port in which a light 
receiving unit and a light emitting unit are integrated or 
dose to each other. This causes a receiving/emitting 
optical module to receive light emitted by itself, thereby 
processing data transmitted by itself as received data, 
which is called "self receiving". 

Solutions to this problem are as follows. 

(A) Data which is being transmitted is masked in 
hardware in the module to prevent itself from 
receiving data. 

(B) When decided that received data Is data which 
is transmitted by itself, received data is abandoned 
in software. This processing is performed in soft- 
ware which mediates between the optical commu- 
nication port as a hardware and an OS as a basic 
software, namely, by a device driver software. 

(c) When decided tiiat received data is data which 
is transmitted by itself, received data is abandoned 
in software. This processing is performed by an 
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upper 8ofbrar6. for enaniple. oommurdcation soft- 
ware. 

In a case where a receiving/emitting optical module 
with no self receiving preventim measures taken in the 5 
hardware in (A) and the device driver in (B) is used, self 
recelvirtg prevention is performed in the upper softwara 

In case of (c), in order to ak>andon self-received 
data properly, it Is necessary to accurately detect a 
transmission starting time and a transmission ending 10 
time. However, this is not always easy and communica- 
tion troubles tend to occur. For enample, in a case 
where recognition of transmission completion of one 
station is delayed, and data transmission from the other 
elation has already started at that point in time, the one 76 
station decides that it is making transmission, and real 
received data from the other station is assumed to be 
self-received data and might be abandoned, which 
makes it impossible to construct received frames from 
received data. As a consequence, communication 20 
becomes impossible. In another case where the self- 
received frame is processed without taking self receiv- 
ing prevention m^sures, the communication link nnight 
be disconnected by collision in the primary statk>n 
Immediately after it has been established. ss 

Thus, there have been several problems with the 
prior art IrDA communication method, which are sum- 
marized as follows. 

1) As described in the prior art (1). in the prior art so 
IrDA communication method, when the primary sta- 
tion transmits data, i.e., divided plural frames, it 
transfers the transmission right to the secondary 
station without waiting for the maximum turn around 
time. This allows the primary station to receive a 3s 
response frame In a short time, and to transmit a 
frame including subsequent data, resulting in 
higher efficiency in data transmission. On the other 
hand, when there is no data to-be-transmitted from 
the larimary station and the secondary station trar«- 40 
mits data, the primary station transfers the trans- 
mission right to the secondary station only after an 
elapse of about the maximum turn around time 
after it has received data from the secondary sta- 
tion, so that the secondary station must wait for rel- 46 
atlvely long time for each frame to transmit pluial 
frames, causing reduced efficiency In communica- 
tion. As mentioned previously, in many cases, data 
canrM be transmitted in one frame, and divided 
plural frames are transmitted. As a result, perform- co 
ance of the whole system is degraded. 
2} As described in the prior art (2), in a case where 
the secondary station cannot perform receiving 
processing for more than the maximum turn around 
time mainly because of the increased burden of es 
another processing, the prinwy station transmits 
the tranerdsslon right traneforrlrig fiBme to the sec- 
ondary station again, so that two or more transmis- 
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sion right transferring frames from the primary 
station are retained in the receiving buffors in the 
secondary sletton. If the secondary statfon proc- 
esses these frames in the order from least to nnost 
recent, incorrectness off order nimibers occurs, 
causing disconnection. In brief, when receiving 
precising is performed using the rec^ng buffers, 
disconnection may occur even if proces^ng is per- 
formed following the oorrect procedure. 
3) As described above in the prior art (3), it is diffi- 
cult to reliably abandc^ self-received data at a high 
level, so that real received data is abandoned as 
self-received data by mistake, or the self-received 
data is processed as the real data, causir^ commu- 
nication troubles. 

SUMiViARY OF THE IMVEiSiTiQiM 

It is an object of the present invention to provkile a 
data communication method wher^n, during communi- 
oition in which transmission right is mutually trans- 
ferred, an increase In pow^ consumption r^ulting from 
frequent transmission of a transmission right transfer* 
ring frame is suppressed, and reduced efficiency in 
communication caused by setting a waiting time in 
transmission of the transmission right trEmsferrIng f ran^ 
can be avoided. 

K is another object of the present invention to pro- 
vide a data communication method in which frames 
retained in buffers are sequentially processed in the 
order from least to most recent, to prevent incorrectness 
of order number. 

It is stilt another object of the present invention to 
provide a data communication method in which aban- 
doning off data or self racing caused by false recogni- 
tion can be avokJ^ ev^ if a hardware or a device driver 
has no capability of self receiving prevention. 

It is a further object of the present invention to pro- 
vide a data communication apparatus which pertbrn^ 
oommurdcation by the data communication method, 
and a recording medium in which a data communication 
program which can implement the data communication 
metfnod using computers or the like is stored. 

Other objects and advantages of the present inven- 
tion will become apparent ftom the detailed deecrlption 
given hereinafter; it should be noted that, howev^. that 
the detailed description and spedftc embodtnrtents are 
given by way of illustration only, since various changes 
and modiffoations within the spirit and scope of the 
invention will become apparent to those skilled fo the art 
from this detailed description. 

According to a first aspect of the present inv^tion. 
a data communication method in which transmis- 
^on/lreceiving is perform^ for each frame according to 
an unbatanced half-dupIeK high-level data link oontrd 
communication method, and between one and the otiier 
stations, comprises the step of: transferring transmis- 
eon right to the other station, when the one station 
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receives a frame, and the received frame ie a transmis- 
sion right transferring frame and is a data frame. 

Therefore, with respect to a frame other than a data 
frame, which is not necessarily transmitted continu- 
ously, there is waiting time before transmission right is 
transferred, thereby emission of infrared is reduced, and 
with respect the data frame, transmission right is imme- 
diately transferred. 

According to a second aspect of the present inven- 
tion, in the data communication method of the first 
aspect further comprises: a frame decision step includ- 
ing a transferring frame decision step in which it is 
decided whether the received frame is a transmission 
right transferring frame; and a data frame decision step 
In which it is decided whether the received frame is a 
data frame; and a transmitting step in which a transmis- 
sion right transferring frame is transmitted to the other 
station when decided that the received frame Is the 
transmission right transferring frame and the data frame 
in the frame decision step. 

Tlierefore. with respect to a frame other than a data 
frame, there is waiting time before transmission right is 
transferred, and with respect the data frame, transmis- 
sion right is Immediately transferred. 

According to a third aspect of the present invention, 
a data communication method in which transmis- 
sion/receiving is performed for each frame according to 
an unbalanced halfKJuplex high-level data link control 
communication method, and between one and the other 
stations comprises the steps of: temporarily storing a 
frame in a receiving buffer, and then fetching the frame 
therefrom when the frame is received; and deciding 
whether a transmission right transfen-ing frame Is the 
most recent, when a frame of frames stored in the 
receiving buffer which is fetched therefrom and proc- 
essed is the transmission right transferring frame, 
processing the transmission right transfenring frame 
when decided the transmission right transferring frame 
is the most recent, and abandoning the transmission 
right transfenring frame when decided that the transmis- 
sion right transferring frame is not the most recent. 

Therefore, when there are plural transmission right 
transferring frames in receiving buffer due to delay, the 
most recent transmission right transferring frame is 
processed. 

According to a fourth aspect of the present inven- 
tion, the data communication method of the third aspect 
further comprises: a most recent frame extracting step 
including a sequential reading step in which a least 
recent stored frame Is read from the receiving buffer 
where received frames are temporarily stored; a trans- 
ferring frame decision step in which it is decided 
whether the read least recent frame is a transmission 
right transferring frame; a stored frame decision step in 
which it Is decided whether a transmission right trans- 
ferring frame is stored In the receiving buffer; and a 
received frame abandoning step in which the read 
received frame is abandoned when decided that the 



read received frame is a transmission right transferring 
frame in the transferring frame decision step and when 
decided a transmission right transferring frame is stored 
In the receiving buffer in the stored frame decision step; 
5 and a processing step in which receiving processing is 
performed to a received frame which is not abandoned 
but output in the most recent frame extracting step. 

Therefore, when there are plural transmission right 
transferring frames In receiving buffers, the most recent 
10 transmission right transfemng frame is processed. 

According to a fifth aspect of a present invention, a 
data communication method in which transmis- 
sion/receiving Is performed for each frame according to 
an unbalanced half-duplex high-level data link control 
IS communication method, and between one and the other 
stations, comprises abandoning a received frame when 
an address field number of the received frame matches 
an address field number of a frame transmitted from the 
one station, in the connection state. 
20 Therefore, from the comparison result, it is decided 
whether there occun^ed self receiving, and then appro- 
priate processing is performed. 

According to a sixth aspect of the present invention, 
the data communication method of the fifth aspect fur- 
26 ther comprises: a self receiving decision step Including 
a connection decision step in which it is decided 
whether current communication is in the connection 
stale; an address field decision step in which compari- 
son is made between the address field number of the 
30 received frame and the address field number of the 
frame transmitted from the one station, to decide 
whether there is a match between them; and a received 
frame abandoning step in which the received frame is 
abandoned when decided that the communication is in 
35 the connection state in the connection decision step and 
when decided that there Is the match In the address 
field decision step; and a processing step in which 
receiving processing Is performed to a received frame 
which is not abandoned but output In the self receiving 
40 decision step. 

Therefore* from the comparison result, it is deckled 
whether there occurred self receiving, and then appro- 
priate processing is performed. 

According to a seventh aspect of the present Inven- 
ts tion, a data communication method in which tranamls- 
sion/receiving Is performed for each frame according to 
an unbalanced half-duplex high-level data link control 
communication method, and between one and the other 
stations, comprises temporarily storing a frame In a 
50 receiving buffer and then fetching the frame there from 
when the frame Is received; processing a most recent 
frame of frames stored in the receiving buffer with 
respect to a transmission right transferring frame, and 
al>andoning a transmission right transferring frame 
6S Other than the most recent; and transferring transmis- 
sion right to the other station when the processed most 
recent frame is a transmission right transferring frame 
and Is a data frame. 
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Therefore, with respect to a frame oth^ than a data 
frame, there is waiting time before transmisdon right is 
transfOTsd. and with respect the data frame, transmis- 
sion right is immediat^y transferred. In addition, when 
there are pJural transmission right transferring frames in s 
receiving buffers, the most recent transmission right 
transf^ring frame is processed. 

According to an eighth aspect of the present Inven- 
tion, a data communication method in which transmls- 
sion/ireceiving is performed for each frame according to 10 
an unbalanced haK-dupSex high-level data link control 
communication method, and between one and the other 
stations, comprises the steps of: abandoning a received 
frame when an address field rujmber of the received 
frame matches to an address field number of a frame is 
transmitt^ from the one station in the connection state: 
and transferring transmission right to the other station 
when a frame which is not abandoned but processed Is 
a transmission right transfening frame and is a data 
frame. 20 

Therefore, with respect to a frame other than a data 
frame, there is waiting time before transmission right is 
transferred, and with respect the data frame, transmis- 
sion right Is Immediately transferred. In addition, from 
the comparison, it Is decided whether there occurred zs 
self receiving, and then appropriate processing is per- 
formed. 

According to a ninth a^ect of the present inven- 
tion, a data communication method in which transmis- 
sion^eceiving is performed for each frame according to 30 
an unbalance hatf<dupIeK high-level data link control 
communication method, and between one and the other 
stations, comprises abandoning a received frame when 
an address field number of the received frame matches 
an address fiekJ number of a frame transmitted from the 35 
one station in the connection state: temporarily storing a 
received frame which is not abandoned but processed 
in a receiving buffer and then fetching the received 
frame therefrom; and processing a most recent frame of 
frames stored in the receiving buffer with respect to a 40 
transmission right transferring frame, and abandoning a 
transmission right transfening frame other than the 
most recent. 

Therefore, when there are plural transmission right 
transferring frames In receiving buffers, the ntost recent 45 
transmission right trar^erring frame is processed. In 
addition, from the comparison, it is decided whether 
tho-e occurred self receiving, and then appropriate 
processing is performed. 

Accordktg to a tenth aspect of the present inven- so 
tion, a data communication method in which transmis- 
sion/receiving IS performed for each frame according to 
an unbalanced half-dupSex high-level data link control 
communication method, and between one and the other 
slatkms, comprises the steps of: abandoning a received cs 
frame when an address field number of the received 
frame matches an address field number of a frame 
tran»iMed from the one station in the correction state; 



temporarily storing a received frame which is not aban- 
doned but proceed in a rec^'ving buffer and then 
fetching the received frame therefrom: processing a 
most recent frame of frames stored in the receiving 
buffer with respect to a transmission right transfenring 
frame, and abandoning a transmts^n right transfenring 
frame other tiian the most recent; and transfenring 
transmission r^ht to the other station when the most 
racent frame a transmission right transferring frame 
and is a data frame. 

Therefore, with reject to a frame ottier than a data 
frame, there is waiting time before transrrdssion right is 
transferred, and with respect tiie data frame, transmis- 
tion right Is immediately transferred, in addition, when 
there are plural transmission right transferring frames in 
receiving Ixiff ers. tiie most recent is processsd. Further, 
from the comparison result, it is decided whether there 
occurred self receiving, arKi then appropriate process- 
ing Is performed. 

According to an eleventh aspect of tiie present 
invention, a data communication apparatus which per- 
forms transmission/receiving for each frame according 
to an unbalanced haif-dupleff high-level data link control 
communication method, comprises the steps of a trans- 
mitting/receiving unit tor receiving data as a frame 
through a transmission medium, and transmitting data 
as a frame to tiie transmission medium; a frame creat- 
ing unit for creating a frame to be transmitted and out- 
putting the frame to the transmitting/receiving unit: a 
frame decision unit for performing frame decision 
including transferring frame decision In which it is 
decided whether the received frame Is a transmission 
right transferring frame and data frame decisfon in 
which rt Is decide whether the r^eived frame Is a data 
frame: arK9 a communication control unit for instructing 
the frame creErting unit to create and output a transmls- 
tion right transferring frame when decided that the 
received finame is the transmis^on right transfenring 
frame and is tiie data frame from a result of the frame 
decision of the frame decision unit. 

Therefore, with reject to a frame other than a data 
frame, which is not necessarily transmitted continu- 
ously, there Is waiting time before transmlssfon right is 
transferred, therd^y emission of infrared is reduced, and 
with re^:>ect the data frame, transmission right Is Imme- 
diately transferred. 

Accoiding to a twelfth aspect of the present inven- 
tfon, a data communication apparatus which perfibme 
transmissfon^ecelving fbr each franta according to an 
unbalanced half-dupf ok high-level data link control com- 
munication method, comprises a transmitting/receiving 
unit for rec^ ving data as a frame through a transmission 
medium, and transmitting data as a firame to the trans- 
mission m^ium; a rec^r^ buffer for temporarily stor- 
ing the frame received by the transmitting/ireceiving unit; 
a frame decition urtit for polormlng s^uentlcU reading 
in which a least recent stored frame is read from the 
r«;^ving buffer where the received frame is temporarily 
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Stored, transferring frame decision in which H is decided 
whether the read least recent frame is a transmission 
right transferring frame, stored frame decision in which 
it is dedded whether a transmission right transferring 
frame is stored in the receiving tnjffer, and received 
frame eibandoning in which the read received frame is 
abandoned when decided that the read received frame 
is the transmission right transferring frame and when 
decided that the transmission right transferring frame is 
stored in the receiving buffer^ thereby extracting the 
most recent frame from the frames stored in the receiv- 
ing buffer with respect to a transmission right transfer- 
ring frame: and a communication control unit for 
performing controi so that the frame extracted by the 
frame decision unit is processed 

Therefore, when there are plural transmission right 
transferring frames in receiving buffers due to delay, the 
most recent transmission right transferring frame is 
processed. 

According to a thirteenth aspect of the present 
invention, a data communication apparatus which per- 
forms transmisston/receiving for each frame according 
to an unbalanced half-duplex high-level data link control 
communication method, conprises: a transmit- 
ting/receiving unit fbr receiving data as a frame through 
a transmission medium, and transmitting data as a 
frame to the transmission medium; a frame decision unit 
fbr performing connection decision in which it is decided 
whether current communication is in the connection 
state, with respect to the frame received by the transmit- 
ting/receiving unit, and address field decision in which 
comparison Is made between an address field nurr^er 
of the received frame and an address field ruimber of a 
frame transmitted from the apparatus to decide whether 
there is a match between them, thereby deciding 
whether the received frame is a seff-received frame in 
the connection state, and abandoning the self-received 
frame when decided that the received frame is the self- 
received frame In the connection state; a communica- 
tion control unit for performing control so that a received 
frame which is not abandoned by the fi'ame decision 
unit is processed. 

Therefore, from the comparison result, it is decided 
whether there occurred self receiving, and then appro- 
priate processing is performed. 

According to a fourteenth aspect of the present 
invention, a recording medium in which a data commu- 
nication program which performs transmission/receiv- 
ing fbr each frame according to an unbalanced half 
duplex high-level data link control communication 
method Is stored, oomprises a frame receiving step in 
which a frame is received; a transfen'ing frame decision 
step in which it Is decided whether the received frame is 
a transmission right transferring frame; a data frame 
decision step in which it is decided whether the received 
frame is a data frame; a transmission right transferring 
frame creating step in wlilch a transmission right trans- 
ferring frame is created when decided that the received 



frame is the transmission right transferring frame in the 
transfen^ing frame decision step and when decided that 
the received frame Is the data frame in the data frame 
decision step; and a transmitting step in which the cre- 
5 ated transmission right transferring frame is transmitted. 
By executing the program, with respect to a frame 
other than a data frame, which is not necessarily trans- 
mitted continuously, there la waiting time befbre trans- 
mission right is transferred, thereby emission of infrared 
10 is reduced, and with respect the data frame, transmis- 
sion right is immediately transferred. 

According to a fifteenth aspect of the present Inven- 
tion, a recording medium in which a data communica- 
tion program which performs transmission/receiving for 
IS each frame according to an unbalanced half duplex 
high-level data link control communication method is 
stored, comprises a frame receiving step in which a 
frame is received; a temporal storage step in which the 
received frame is temporarily stored in a receiving 
20 buffer; a sequential reading step in which a least recent 
stored frame is read from the receiving buffer; a trans- 
ferring frame decision step in which it is decided 
whether the read least recent received frame is a trans- 
mission right transferring frame; a stored frame decision 
25 step in which it is decided whether a transmission right 
transfen-lng frame is stored in the receiving buffer; a 
received frame abandoning step in which the read 
received frame is abandoned when decided that the 
read received frame is the transmission right transfer- 
30 ring frame in the transferring frame decision step and 
when decided that the transmission right transferring 
frame is stored in the receiving buffer in the stored 
frame decision step; a most recent frame extracting step 
in which the read received frame is output when 
35 decided that the read received frame is not the trans- 
mission right transferring frame in the transferring frame 
decision step, or when decided that the transmission 
right transferring frame is not stored in the receiving 
buffer in the stored frame decision step; and a process- 
40 ing step in which the received frame obtained in the 
most recent frame extracting st^ is processaJ. 

By executing the program, when there are plural 
transmission right transferring frames In receiving buff- 
ers due to delay, the most recent is processed. 
46 According to a sixteenth aspect of the present 
invention, in a recording medium in which a data com- 
munication program which performs transmis- 
sion/receiving for each frame according to an 
unbalanced half duplex high-level data link control oom- 
60 munlcation method and between the one and the other 
stations, is stored, the program comprises the steps of: 
a frame receiving step in which a frame is received; a 
connection decision Step in which it is decided whether 
current communication is in the connection state; an 
65 address field decision step in which conparlson is 
made between an address field number of the received 
frame and an address field number of a frame transmit- 
ted from the one station, to decide whether there is a 
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mcttch between them; and a rec^ved frame abandoning 
step in which the receive frame is abandoned when 
decUed that the conmintcation is In the oonnection 
state in the connection decision step and when decided 
that there is the match in the address field decision step: s 
and a processing step in which receiving processing is 
performed to the received frame when dec'td«i that the 
communicalion is not In the connection state in the con- 
nection decision step, or when decided that there In no 
match in the address field decision step 

By executing the program, from the comparison 
result, it is decided whether there occurred self receiv- 
ing, and then appropriate processing Is performed. 

BRiEF DESCRIPTiOiM OF TH E DRAWINGS 

Figure 1 is a block diagram showing a construction 
of a data communication apparatus accorcfing to a first 
emt}odiment of the present invention. 

Figure 2 is a flowchart showing a procedure of 
received frame decision proceseing of the first embodi- 
ment. 

Figure 3 is a <fiagram of a sequence showing com- 
munccation state of the first embodiment. 

Figure 4 Is a block diagram showing a construction 
of a data communication apparatus accoiding to a sec- 
ond embodiment of the present invention. 

Rgure 5 Is a flowchart showing a procedure of a 
most recent frame extraction processing of the second 
embodiment. 

Figure 6 is a diagram of a sequence showing com- 
munication state of the second embodiment. 

Figure 7 ie a f lowchcurt ehowing a procedure of self 
receiving decision processing according to a third 
embodiment of the present irvention. 

Figure 8 is a diagram of a sequence showing com- 
munication state of the third embodiment. 

Figure 9(a} Is a diagram showing comnujrdcation 
between stations In the prior art data communlcationp 
and figure 9(b) is a diagram of a sequence showing a 
general communication procedure in the prior art data 
communication. 

Figure 1 0 is a diagram of a sequence ehowing data 
communication of plural frames in the prior art data 
communication. 

Figure 11 is a diagram of a sequence showing data 
communication using receiving buffers in the prior art 
data communication. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIiWIEMTS 

Now. prefen-ed embodiments of the present inven- 
tion will be described with reference to figures. 

Embodiment 1. 

In a data communication method according to a f ii^ 



embodiment, when a primary station receives a data 
transmission frame during communication processing, it 
transmits a transnvssion right transferring frame Imme- 
diately, ther^ efficiency In communication is 
increased. 

Rgure 1 is a block diagram showing a construction 
off a data communication apparatus according to a first 
embodiment of the present invention. Referring to figure 
1, there is illustrated a data communication apparatus 
10 of the first embodiment. The data communication 
apparatus 10 serves as one station, and performs com- 
munication as the primary station herein. A statton 20 
serves as the other statfon, which communicates with 
the station 10 through a transmission medium ajch as 
Infrared, as the secondary station herein. 

The data communication app>aratu8 (primary sta- 
tion) 10 comprises a transmittir^receiving unit 1. a 
frame decision unit 2, a frame creating unit 3, a commu- 
nication control unit 4. and a data processing unit 5. 
These units function as stated below. 

The transmltting/r^eiving unit 1 is used for trans- 
mitting/receiving data for each frame. The frame ded- 
Qon unit 2 Is used for performing decision to the frame 
rec^ved by the transmlttlng/receSving unit 1 , and output- 
ting a decision result and the received frame to the com- 
munication control unit 4. The frame aeating unit 3 is 
used tor creating a frame to-be-transmftted to the sta- 
tion 20 and outputting the frcmie to the transmit- 
ting/receiving unit 1. The communication control unit 4 
Is used for controlling processing of the received frame 
output from the frame decision urtit 2. More specifically, 
the communication control unit 4 is used for Instructing 
the data processing unit 5 to perfomi processing, or 
Instructing the frame creating unit 3 to create a freune. 
on the basis of the decision result of the frame decision 
unit 2. The data processing unit 5 is used for obtaining 
data included in the received frame, and outputting the 
data eKtemally, to be subjected to operation, displayed, 
or recorded. The second€uy etation 20 haa the same 
construction as the pfimary station 10. 

Rgure 2 is a flowchart showing a procedure of the 
received frame decision performed by the prinmry sta- 
tion 10 in communication of the first embodiment In the 
f ^re, Steps 81 to S5 are a transmlsston right decision 
step a destination decision step, a transferrbig frame 
decision st^, a data frame decision step, and a trans- 
mission right transferring st^. respectively. Spedftcally. 
in step SI. presence/absence of the transmission r^ht 
Is decided. In step 2, it is decided whether a frame fbr 
the one statics Is received. In step 3. it Is decided 
whetiier a receved frame Is a transmission right trans- 
ferring frame. In step 4, it is decided whether a received 
frame is an I frame. In st^ 5, the transmission right is 
transferred to the other station. 

R^re 3 Is a diagram showing a convminication 
sequence In which data of plural frames is transmitted 
as I frames from the secondary to primary statioa Here- 
inafter, operation of the data communication apparatus 
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of the first embodiment will be described following figure 
3 and with reference to figures 1 and 2. Frames in figure 
3 are all transmission right transferring frames, each of 
which has a poll/final bit set therein. 

Initially, the primary station 10 transmits an RR 
frame 1 11 to the secondary station 20. In response to 
this, the secondary station 20 which has not started 
transmission, transmits an RR frame 121 as a response 
frame, since the frame 1 1 1 Is a transmission right trans- 
ferring frame. 

Upon receipt of the frame 121 from the secondary 
station 20, the transmitting/receiving unit 1 of the pri- 
mary station 1 0 outputs the frame 1 21 to the frame deci- 
sion unit 2. which performs the received frame decision 
to the frame 1 21 as shown in figure 2. 

This decision processing will be described along 
flow in figure 2. In step 1. it is decided whether the one 
station has the transmission right. When decided that it 
does not, in step 2, the received frame decision Is con- 
tinued, whereas when decided that it has, the dedsfon 
Is completed, in step 2, the frame decision unit 2 
decides whether the received frame is for the one sta- 
tion. When decided that it is, step 3 is performed, 
whereas when decided that it Is not, the decision is 
completed. In step 3, it is decided whether the received 
frame is the transmission right transferring frame, and 
when decided It is, step 4 is performed, whereas when 
decided it is not. the decision processing Is completed 

In step 4, it is dedded whether the transmission 
right transferring frame is an I frame. When decided it is. 
that Is, the primary station has received the data from 
the secondary station, in step 5. the frame decision unit 
2 outputs a request for transferring the transmission 
right to the communication control unit 4. Upon receipt 
of the request, the communication control unit 4 trans- 
mits the request to the frame creating unit 3, which cre- 
ates a transmission right transferring frame and outputs 
the frame to the transmitting/receiving unit 1. which 
transmits the frame to the secondary station 20, thereby 
transferring the transmission right to the other station. 
Then, the primary station 10 completes the received 
frame decision. In other words, when the i frame (trans- 
mission right transferring frame) with a poll/final bit set Is 
received, step 5 is perfbrmed, thereby the transmission 
right is immediately transfenred to the other station with- 
out waiting for the ma^mum turn around time unlike in 
the prior art example. 

On the other hand, when decided in Step 84 that 
the transmission right transfen-ing frame is not the 1 
frame, the decision is completed without step 5. When 
the decision Is completed in any of the steps, the frame 
decision unit 2 outputs the received frame and the deci- 
sion result to the communication control unit 4. 

The communication control unit 4 processes the 
received frame and controls communication on the 
basis of the decision result. Where the received frame Is 
a data frame, the control unit 4 instructs the data 
processing unit 5 to output the received frame, while 



where the received frame is a control frame, the control 
unit 4 instructs the frame creating unit 3 to create a 
response frame. Where the receive frame Is not for the 
one station, or It Is in an Incorrect format, the control unit 

5 4 abandons the frame, and further, instructs the frame 
creating unit 3 to create a frame if desired. 

When decided that the received frame is not the I 
frame (for exanple RR frame), or Is not the transmission 
right transferring frame, in any of the decision in figure 2. 

10 data decision is completed without step 5. Therefore, as 
in the prior art processing, after an elapse of the maxi- 
mum turn around time after the one station has 
acquired the transmission right, the transmission right is 
transferred to the other station. 

16 Along flow In figure 2, when the RR frame 1 21 in fig- 
ure 3 is received, in step 1 . it is decided that the one sta- 
tion "does not have transmission right", in step 2, it is 
decided that the received frame is the frame for the one 
station, In step 3. It is decided it is the transmission right 

20 frame, in step 4, it Is decided that the frame 121 is not 
the I frame, and therefore the received frame decision is 
completed without step 5. 

The communication control unit 4 instructs the 
frame creating unit 3 to create a response frame after 

26 an elapse of the maximum turn around time "tm" as in 
the prior art, on the basis of the decision result and the 
received frame. TTie frame creating unit 3 creates a 
responss frame as the transmission right transferring 
frame, and outputs the response frame to the transmit- 

30 ting/recelving unit 1 . which outputs the response frame 
to the secondary station 20. Thus, the RR frame 112 in 
figure 3 Is transmitted. 

tn response to this, the secondary station 20 tiBns- 
mits an RR frame 122 to the primary station 10 as 

35 shown in figure 3. The frame 1 22 is processed as in the 
case of the frame 1 2 1 , and an RR frame 11 3 is transmit- 
ted from the primary station 10 to the secondary station 
20 after an elapse of the maximum turn around time 
Im". 

40 The secondary station 20 starts transmitting data to 
the primary station 10, and transmits a first data frame, 
i.e.. an I frame 123 to the primary station 10, which per- 
forms the received frame decision along flow in figure 2. 
in this case, In step 4, It is decided the received frame is 

48 the I frame, and therefore step 5 is perfbrmed. As shown 
in figure 3. in response to the I frame 123, a response 
frame 1 14 is transmitted immediately without waiting for 
the maximum turn around time (tn < tm), and thereby 
the transmission right is transferred to the secondary 

80 station 20. 

Upon completion of the decision processing, the 
communication control unit 4 receives a result (the 
received frame is a data frame) and the received frame, 
and outputs the frame to the data processing unit 5, 

68 which performs data processing. 

Since the transmission right has been transferred to 
the secondary station 20 using the RR frame 114, now, 
the secondary station 20 transmits a subsequent data 
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frame 124. Likewise, in response to the I frames. 124, 
125, and 126, the response frames 115. 116. and 117 
are immediately transmitted, thereby the transmission 
right is quiddy transferred. 

Thereafter, a frame 127 transmitt^ from the sec- s 
ondary station 20 is not a data frame biit an RR frame, 
and therefore it is process^ as in the case of the frame 
121 or 122, thereby an RR frame 1 18 ia tranemltted as 
a response frame after an elapse of the nnaximum turn 
around time. io 

As thus far described, in the data communication 
method aocoixiing to the first embodiment, in the pri- 
mary station, the received firame decision Is perforn^. 
In which it is deckled whether the received frame is a 
data frame. Therefore, in a case where a frame other is 
than the data frame is received from the secondary sta- 
tion, the RR frame is transmitted after an elapse off the 
maximum tum around time, thereby unnecessary emis-^ 
sion of infrared caused by fr^uent transmission of the 
transmission right transferring frame does not occur as 20 
in the prior art IrDA comnrtunication method, which 
reduces pmt& consumption. Further, only when the i 
frame is received, the RR fHame is immediately transmit- 
ted without waiting fbr the nwdmum turn around time, 
so that the secondary station can transmit a subsequent zs 
I frame Immediately without waiting for more than the 
maximum turn around time per frame transmission 
unlil® in the prior art example, resulting in reduced 
transmission time. 

In addition, the data communication apparatus so 
according to the first embodiment, comprises the trans- 
mitting/ireceiving unit 1 fbr transmitting/ireceiving frames, 
the frame decision unit 2 for deciding whether the frame 
received by the transmitting/receiving unit 1 is a data 
frame (i frame), the communication control unit 4 for giv- $$ 
ing an instruction fbr transferring the transmission right 
when dedd^ on the basts of the decision of the frame 
decision unit 2 that the data frame has been received, 
and the frame creating unit 3 for creating the transmis- 
sion right transflerring frame in accordance with the 40 
iretruction of the communication control unit 4 and out- 
putting the frame to the transmitting/receiving unit 1, 
and when the apparatus receives a frame other than a 
data frame, time before transmlttlr^ the transmission 
right transfering frame te made longer to save power 46 
consumption, while when it receives the data frame, it 
immediately transmits the transmission right transfer- 
ring frame, whereby efficiency in communication is 
increased. 

Although In the first enfttjodiment window size is so 
"1 that is, the number off frames to-be-transmitted 
while the transmission right is retained is ""1 in the win- 
dow size other than "1 the same effects as provided 
by the size *1 " are obtained. 

55 

Embodiment 2. 

In a data communication method aocoiding to a 



second embodiment off the present invention, decision 
Is performed to a received frame stored in a receiving 
buffer and only the most recent received frame is proc- 
ess^, thereby communication error m avoided. 

Figure 4 is a block diagram showing a construction 
of the data communication apparatus according to a 
second embodiment of the present invention, in this 
embodiment, assume that reference num^s 10 and 
20 designates secondary and prinrtary statior\s, respec- 
tively In the figure, a receiving buffer 6 off the secondary 
station 10 is used for temporarily storing a franfie 
received by a transmittingA'eceivjng unit 1. The other 
components are referred to by the same reference 
numerals in figure 1 of the first embodiment, and there- 
fore will not be described herein. 

Figure 5 is a flowchart showing a procedure of 
extraction of the most recent frame off the secondary 
station 10 in communication according to the second 
embodiment In the figure 5. St^s Si to S4 are a 
sequential read step, a transferring frame decision step, 
a stored frame decision step, and a received frame 
abandoning step, respectively. Specifccally, in Step Si. 
the least recent frame is fetched from the receiving 
buffer, in Step S2. it is decided whether the frame 
fetched in Step SI is the transmission right transfenring 
frame, in St^ S3, it Is decided whether there is a trans- 
mission right transferring frame in the receiving buffer, 
and in Step S4. the received frame fetched in 8t^ Si is 
abandoned. 

Rgure 6 shows a sequence of transmitting data, 
i.e.. plural frames as I frames from the secondary to pri- 
mary station in communication according to the second 
embodiment As in the prior art example (2), the eec- 
ondary station 10 is provided with receiving buffers 01 
and 02 fbr two frames, respectively. IHereinafter. opera- 
tion of the data communication apparatus of the second 
embodiment will be described fbllowing figure 6 and 
wfth reference to figures 4 and 5. AH the framee In figure 
6 are tranmission right transfferring frames, each of 
wfitch has a poll/7inal bit set therein. 

Upon start off cteta transmission, the secondcury sta- 
tion 10 transmits first data. i.e.. an 1 frame 221 of trans- 
mission order number 'X)", to the primary station. After 
transmitting the I frame 221, the secorKlary station 10 
cannot perfbrm receiving processing for more than the 
maximum turn around time (tm), mainly because of con- 
Gder^e processing burden of another task 

Upon receipt of the I frame 221 of transmission 
order nuv^ "0". the prinmry station 20 transmits an 
RR frame 21 1 of subsequent order numb^ "1 ", to the 
secondary station 10, the transmitting/receiving unit 1 of 
which stores the RR frame 211 in the receiving buffer 
01. 

The primary station, although it has requested 
transmisston of a data frame of order number *'l *. the 
frame is not transmitted thereto even aft^ an elapse of 
the n^mum turn around time "tm so that it tiansmits 
an RR frame 212, I.e., a retransmission frame off the 



11 



21 



EP0886 410A2 



22 



frame 211 to the secondary station 10, the transmit- 
ting/receiving unit 1 of which stores the RR frame 21 2 in 
the receiving buffer 02. 

When the secondary station 10 resumes communi- 
cation after receiving and storage of the RR frame 212. s 
it extracts the nfiost recent frame from received frames 
stored in the receiving buffer 6 as shown in figure 5. This 
Is described with reference to figure 5. 

Referring to figure 5, in Step SI , the frame decision 
unit 2 fetches the least recent received frame from the io 
receiving buffer 6. in Step S2. it is decided whether the 
frame is a transmission right transferring frame, and 
when decided that it is In Step S2, Step 3 is perfdrmed, 
or otherwise, extraction of the most recent frame is com- 
pleted. In Step 3, it is decided whether there is another is 
transmission right transferring frame in the receiving 
buffer, and when decided there Is a transmission right 
transferring frame, step 4 Is performed. In Step S4, the 
received frame fetched in Step SI is abandoned, and 
again in Step S1, the least recent receive frame is 20 
fetched from the receiving buffer 6. When decided in 
Step S3 there is no transmission right transferring 
frame, extraction of the most recent frame is completed 
without Step S4. Upon completion of extracting the 
most recent frame in flow in figure 5, the frame decision zs 
unit 2 outputs the obtained (not abandoned) received 
frame to the communication control unit 4. 

A case in which the secondary station 10 resumes 
processing after receiving and storage of the RR frame 
212 as shown in figure 6, and performs processing in so 
figure 5, will be described. In Step Si, the least recent 
frame 211 stored In the receiving buffer 6 is fetched 
therefrom by the frame decision unit 2. 

In Step S2, it is decided whether the frame 21 1 is a 
transmission right transferring frame, and when decided 35 
that it is. Step S3 is performed. The frame decision unit 
2 recognizes that the received frame 212, Le., the trans- 
mission right transferring frame. Is stored in the buffer 
02, by referring to the receiving buffer 6, and therefbre a 
decision result in Step S3 is "YES (PRESENT)", Then, 40 
Step S4 is performed, and the frame 21 1 is abandoned. 

Subsequenfly, the Step 31 is performed again, and 
the frame 212 is fetched from the receiving buffer 6. 
Step 32 Is pertormed as described above, and in Step 
S3, decision Is made. In this case, since the frames 211 4s 
and 212 have been fetched from the buffers 01 and 02. 
respectively, decision is "NO (NOT PRESENT)", and 
therefore extraction of the most recent frame is com- 
pleted without Step S4. The frame dedsion unit 2 out- 
puts the frame 21 2 to the communication control unit 4, so 
thereby the secondary station 10 recognizes that trans- 
mission of data of order number *'1 " is being requested. 

As shown in figure 6. communication is smoothly 
performed without delay, after transmission of the I 
frame 222. On this occasion, every time a frame Is ss 
fetched in Step Si in flow In figure 5, In Step S3, deci- 
sion is made, and on the basis of the decision, process- 
ing is completed without Step S4, so that the frame 



fetched in Step SI is processed. 

As thus far desaibed. the data communication 
method according to the second embodiment com- 
prises performing sequential read in which the least 
recent received frame stored in the receiving buffer is 
read therefrom, transferring frame decision in which it is 
decided whether the received frame read in the sequen- 
tial read is a transmission right transferring frame, 
stored frame decision in which it is decided whether 
there is another transmission rigN transferring frame in 
the receiving tiuffer when decided that the received 
frame is the transmission right transferring frame in the 
transferring frame decision, and most r^ent frame 
extraction in which the received frame read in the 
sequential read Is abandoned when decided there Is 
another transmission right transferring frame in the 
stored frame decision, and the sequential read is per- 
formed again. In this method, when plural transmission 
right transferring frames are held in the receiving buffer, 
only the most recent frame is processed and the other 
frames are abandoned. Therefore, incorrectness of data 
order and disconnection of a link caused by sequentially 
processing the same frames 21 1 and 212 are avoided, 
unlike in the prior art example (2). 

In addition, the data communication apparatus 
according to the second embodiment, comprises the 
transmitting/receiving unit 1 for transmitting/receiving a 
frame, the receiving buffer 6 for temporarily storing the 
frame received by the transmitting/receiving unit 1. and 
the frame decision unit 2 which abandons transmission 
right transferring frames other than the most recent of 
plural transmission right transferring frames held in the 
receiving buffer 6, and obtains the moet recent frame. In 
this apparatus, in a case where delay occurs in commu- 
nication, thereby superfluous transmission right trans- 
ferring frames are stored in the receiving buffer, only the 
most recent frame of them is processed. Therefore, 
oommunlcation error caused by processing of the 
superfluous received frames, which may occur In the 
prior art apparatus, is avoided, resulting in smooth com- 
munication. 

Yet in addition, both the most recent frame extrac- 
tion processing of the second embodiment, and the 
received frame decision processing of the first embodi- 
ment may be perfbrmed. In this case, when a received 
frame is a transmission right transferring frame and a 
data frame, the transmission right transferring frame 
may be immediately transmitted, thereby troubles such 
as incorrectness of order are avoided even if plural 
transmission right transferring frames are held in the 
receiving buffers. Further, transmission right transfer- 
ring is suppressed to save power, and simultaneously 
high efficiency in continuous data processing is 
achieved. As a specific implementation of this, a com- 
munication apparatus Includes the frame decision unit 2 
which performs extraction of the most recent frame and 
received frame decision, and the communication control 
unit 4 instructs the frame creating unit 3 to create a 
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transmission right transferring frame on the basis of 
decision of the frame decision unit 2. 

Embodiment 3. 

In a data communication method according to a 
thiid embodiment of the present invention, it is decided 
whether a station is in the connection state, and com- 
parison is made between address field numbers, to 
deckile self receiving. A construction of a data communi- 
cation apparatus of the third embodiment is identical to 
that of the first mtbodiment, and therefbre will be 
desaibed with reference to figure 1. Assume that one 
station 10 is "A stafifon" and the other station 20 is "B 
etatton" In figure 1. 

Figure 7 is a flowchart showing a procedure of self 
receiving decision. Referring to figure 7, Steps S1 to S3 
are a connection decision st^, an address field deci- 
sion step, and a received frame abandoning st^, 
respectively. More specifically, in Step S1 . it is decided 
whether the one station is in the connection state, in 
Step S2, it Is decided whether an address field number 
of a received frame matches an address field number of 
a frame tranomitt&j from the one station, and in Step 83, 
a received frame is abandoned. 

In this embodiment, assume that communication is 
performed between the A station in which self receiving 
occurs kiecause any self receiving measure Is not taton 
by a hardware or a device driver, and the B station in 
which self receiving does not occur in hardware or the 
like. Figure 6 shows a sequence of discovery, conn^- 
tion, and disconnection in IrOA communication of the A 
station. Constructions of data communication appara- 
tuses of these stations are identical to that in figure 1 , 
and when the transmittingA'eceiving unit 1 receives a 
frame, the frame decision unit 2 perfbrms self rec^ving 
decision in figure 7. 1-terelnafter. the data communica- 
tion method of the thnd embodiment will be described 
following a sequence in figure 8, and with reference to 
figures 1 and 7. Specifically. (1) Discovery, (2) Connec- 
tion. (3) Processing in Connection State, and (4) Dis- 
connection in the A station will be described. 

(1) Discovery 

Discovery in figure 8 is discovery of slot number 1 . 
In this discovery, "FFh" is used as an address field 
number of a frame transmitted from a station which acti- 
vated the discovery, and TEh" Is used as an address 
field number of a frame transmitted from a station which 
resportds to the station which activated the discovery. 

Initially, in tiie A station, a frame creating unit 3 cre- 
ates a disoov^ request frame, i.e.. an XID command, 
as a frame 31 1 of slot "0*, and a transmitting/receiving 
unit 1 transmits the XID connmand to the B station. 
Immediately after this, in the A station, the frame 31 1 is 
received as a frame 321 by self receiving. When the 
transmitting/ireceiving unit 1 of the A station has 



received Ihe frame 321 , it passes the frame 321 to tiie 
frame decision unit 2. which performs self receiving 
decision along flow in figure 7. 

This will be described along flow in figure 7. In Step 

5 SI. it Is checked whether the one station is in the con- 
nection state, and when decMed that it is. Step S2 Is 
performed, artd self receiving decition is continued, 
whereas when deckSed that it \b not. the self receiving 
decision is completed. In Step S2, the frame decision 

10 unit 2 decides whether an address ftM number of a 
rec^ved frame notches an address field nunlber of a 
frame transmitted from the one station. When decMed 
"YES (equal) Step S3 is perfbrmed, wher^is when 
decided "NO'' (unequal)", self receiving decision is 

16 completed without Step S3. In Step S3, the received 
frame is abandoned. Where self receiving decision Is 
completed in Step Si, or where self receiving decision 
is completed in Step S2 without St^ S3, the frame 
decision unit 2 outputs the received frame from the 

20 transmitting/receiving unit 1 to the communication con- 
trol unit 4. On the other hand, where self receiving ded- 
Gon Is completed through St^ S3, the frame decision 
unit 2 will not output a received frame. 

Self receiving decision with respect to the frame 

25 321 will be described. In Step S1, self receiving ded* 
don is immediately completed, since the one station is 
not in the connect ion state at a discovery stage, and the 
frame 321 is passed to the communication control unit 
4. 

30 Then, normal receiving processing is performed to 
the frame 321 . At a discovery stage in the IrDA commu- 
nication method, after transmission of the XID com- 
mand, a frame other than an XID response frame is 
ignored if received. The frame 321 is not the XID 

S5 response frame, and therefore is ignored. 

Meanwhile, the B station which has received the 
frame 31 1, to inform the A station of information about 
the B station. It transmits an XID response frame 331 to 
the A station, In which the transmttting^rec^vlng unit 1 

40 recces the frame 331 , and then along flow in figure 7, 
tile frame 331 is ou^ut to tiie communication control 
unit 4 and proc^sed as in the case of the frame 321. 
The A station retains ttie information of the B station, 
tince ttie franoe 331 Is ttie XID response frame. 

46 Then, tiie A station transmits an XID final slot franfte 
312. At this time, tiie A station receives a self-received 
frame 322 of the frame 31 2. In seH receiving decision by 
the frame decision unit 2. the frame 322 is processed as 
In the case of the frames 321 and 33 1 . The frame 322 is 

60 the XID final slot frame, and therefbre Is ignored accord- 
ing to the IrDA corrununlcation method. 

Thus, in discovery, even if self r^eiving occurs, the 
frame decision unit 2 outputs the self-received frame on 
the tsasis of the self receiving decision in figure 7. Then, 

66 the self-received f^e Is processed accorcfing to the 
IrDA communication mettiod, that is, ignored because it 
Is not a prescribed frame, thereby normal processing is 
perfbrmed. 
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(2) Connection 

The A station performs connection to the B station. 
Initially, the A station transmits a connection request 
frame, i.e., an SNRM command frame 313 to the B sta- 
tion. An address field number of the SNRM command 
frame is TFh". At this time, the A station receives a 
frame 323, I.e. , a self-received frame of the frame 313. 

When the transmitting/receiving unit 1 of the A sta- 
tion 10 has received the frame 323, the frame decision 
unit 2 performs self receiving decision In figure 7. How- 
ever, the A station is not In the connection state during 
connection, and therefore self receiving decision Is 
Immediately completed in Step SI as In the case of (1). 
Then, the frame 323 Is ignored, since a frame other than 
a response frame to the connection request SNRM is 
supposed to be ignored according to the IrDA communi- 
cation method, and the frame 323 Is a command frame. 

The SNRM command frame Is used to inform the B 
station of a connection address number. The connec- 
tion address number is a random number, which is 
selected from Olh to 7Fh at random, and with respect to 
an address field nunlber of a frame transmitted In the 
connection state, the connection address is shifted one 
bit to the upper bit position, I.e.. bit 7-1 position. In case 
of transmission from the primary station, bit 0 la set to 1 , 
while in case of transmission from the secondary sta- 
tion, bit 0 is set to 0. Shown In figure 8 is a connection 
address 16h. Therefore, an address field number of a 
frame to-be-transmltted from the primary station is 
*2Dh'', and an address field number of a frame to-be- 
transmltled from the secondary station is "2Ch''. 

Upon receipt of the frame 313, the B station trans- 
mits a connection response frame, i.e., a UA frame 332 
to the A station. An address field number of the UA 
frame is 2Ch. Then the B station enters the connection 
state. On the other hand, the A station which has 
received the frame 332, through self receiving decision 
In figure 7, processes the frame 332, and then, there 
being a connection response, it also enters the connec- 
tion state. 

Thus, in connection, even if self receiving occurs, 
the fi^ame decision unit 2 outputs the self-received 
frame on the basis of the self receiving decision In figure 
7 as in discovery (1). Then, the self-received frame Is 
processed according to the IrDA communication 
method, that is. ignored because it is not a prescribed 
frame, thereby normal processing Is perfbrmed. 

(3) Processing In Connection State 

Entering the connection state, the A station trans- 
mits an RR frame 314. The address field number of the 
frame 3 1 4 is ~2Dh " as described above. At this time, the 
A station receives a frame 324, i.e., a self-received 
frame of the frame 31 4. When the transmitting/receiving 
unit 1 of the A station receives the frame 324, the frame 
decision unit 2 performs self receiving decision in figure 
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In Step SI, deasfon is "YES", because the A sta- 
tion 10 Is In the connection state, and then In Step S2, It 
is decided whether an address field nuniber of the 
5 received frame 324 matches that of a frame transmitted 
from the A station. The frame 324 has the same 
address field number as the frame 314. Therefore, deci- 
sion in Step S2 Is "YES", and then in step S3, the frame 
324 is abandoned, and self receiving decision is com- 
w pleted. In this case, subsequent receiving processing 
will not be performed. 

In the prior art communication method in which self 
receiving decision in figure 7 is not performed, the 
address field of the frame 324 matching that of the 
IS frame to be transmitted from the one station, disconnec- 
tion is performed. However. In this embodiment, the 
frame 324 is not processed, and therefore such discon- 
nection does not occur. 

Upon receipt of the frame 314, the B station trans- 
20 mits an RR frame 333 as a response frame to the A sta- 
tion. In which the tranemittlng/receiving unit 1 receives 
the frame 333. and then the frame decision unit 2 per- 
forms self receiving in figure 7. 

In Step SI. decision is "YES", because the A sta- 
85 Won 10 Is in the connection state, and then in Step S2, It 
Is decided whether an address field number of the 
received frame 333 matches that of a frame transmitted 
from the A station. The address field number off the 
frame 333 is 2Ch, and different from the address field 
30 number 2Dh of the frame transmitted from the A station, 
and therefore In Step S2, decision is *NO (unequal) so 
that self receiving decision Is completed without Step 
S3. In this case, the received frame 333 is processed. 
Thereafter, the A station transmits a response 
35 frame, I.e., an RR frame 315. and then receives a self- 
received frame 325 and a response frame 334 from the 
B station. The self-received frame 325 is processed as 
In the frame 324, and therefore it Is abandoned In Step 
S3, and will not be processed. The frame 334 Is proc- 
40 essed as in the case of the frame 333 and will be proc- 
essed. 

(4) Disconnection 

4s The A station receives the frame 335. However, 
there is a disconnection request from an upper layer, so 
that the A station transmits a disconnection request 
frame, i.e., a DISC frame 316. Also at this time, although 
a self-received frame 326 of the frame 316 is received. 

60 the frame decision unit 2 performs self receiving deci- 
sion, thereby it Is decided that the A station is In the con- 
nection state, and an address field number of the frame 
326 matches that of the frame transmitted from the A 
station, so that in Step S3, the frame 326 is abandoned. 

55 Upon receipt of the disconnection request frame 
316, the B station transmits a disconnection response 
frame 335, and then enters the disconnection state. The 
A station which has received the disconnection 
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response frame 335, after self receiving decision, proc* 
esses the frame 335 as in the frames 333 and 334, and 
then also enters the disconnection state, whereby com* 
muntcation link Is completed. 

As thus far described, in the data communication s 
method according to the third embodiment, the self 
receiving decision is perfbrmedp which comprises per- 
forming the connection decision In which It Is decided 
whether the one station is in the connection state, per- 
forming the address field decision in which an address io 
field number of a received frame is compart with an 
address field number given to a frame transmitted from 
the one station, and performing the received frame 
abandonir^ in which the received frame is abandoned 
when there is a match between the address field num- is 
bens. Therefore, in case of connection state in which 
processing of a self-received frame as a received frame 
causes oonrtmunlcation troubles, comparison is made 
between address field numbers to decide whether the 
received frame is the self-received frame, and when 20 
decided that it is, the frame is abandoned and will not be 
processed, so that communjcation troubles such as link 
disconnection by collision in the primary station, which 
wouki otherwise occur, can be avokl^. 

In addition, transmission starting and ending times zd 
are accurately detected, and comparison is made 
between them to decide whether self receiving or not, 
whereby speedy decision is performed without depend- 
ing upon variations in the starting and ending times. 

Yet in addition, the data communication apparatus $0 
according to the thlnj embodiment, includes the frame 
decision unit 2 which abandons a received frame when 
the one station Is in connection state and an address 
fiekH number of a received frame matches that of an 
address fieM number given to a frame transmitted firom ss 
the one station. Therefore, in case of connection state In 
which processing of a self-received frame as a received 
frame causes communication troublee, comparison is 
made between address field numbers to decide 
whether the received frame is the self-received frame , 40 
and when decided that it is, the frame is sbandoned and 
will not be processed, so that communication troubles 
such as link disconnection by collision in the primary 
station, whk^h would othenmse occur, can be avoided, 
and processing burden o? the dedelon proc^stng is not 45 
significant. 

Furtfier. both the self recdving decision of the third 
embodiment, and tiie received frame decision of the 
first embodiment, may be perfbrmed. wherein when a 
received frame is a transmission right transferring eo 
frame, and a data frame, the transmission right transfer- 
ring frame is immediately transmitted. As a result 
speedy and reiiabie decision in software is possible. In 
addition, power is saved by suppressing transmission 
right transferring, and high efficiency in continuous c&ta ^ 
processing is achieved. As a specific implementation of 
this, a data communication apparatus is provkled with 
the frame decision unit 2 which perfonms self receiving 



decision and received frame decision, and the cormiu- 
nlcatlon control unit 4 which instructs the frame creating 
unit 3 to create a transmission right transferring frame 
on the bas^ of the decision of the frame decision unit 2. 

Stall further, botti the self receiving decision of tiie 
third embodiment, and the most recent frame extraction 
of the second embodiment may t>e perfbrmed, wherein 
a received frame Is temporarily stored In a receiving 
buffer, and then fetched therefrom, and the most recent 
frame of the terrqsorarily stored transmission right trans- 
ferring frames is processed. As a result, speedy and 
reliable decision on self receiving In software is possi* 
ble, and in addition, troubles such as order incorrect- 
ness can be avoided even if plural transmission right 
transferring frames are retained in the receiving buffers. 
As a specifk: implementation of this, a data communica- 
tion apparatus is further provded with a receiving buffer, 
In which the transmlttlng/ireceiving unit 1 temporarily 
stores a received frame in the rec^ng buffer, and the 
frame decision unit 2 perfbroe self receiving decision 
and most recent frame extraction to the frame fetched 
from the buffer. 

Yet still furtiier. both the self receivir^ decision of 
the third embodiment curd the received frame decision 
of the first embodiment may be performed, wherein 
^eedy and reliable decision on self receiving in soft- 
ware is possible, and in adcfition, troubles such as order 
incon-ectness can be avowed even If plural ti^ansmlssion 
right transferring frames are retained in the receiving 
buffers. Further, in this case, power is saved by sup- 
pressing transmission right transferring, and high effi- 
dency in continuous data processing is achieved. A 
data communication apparatus is implemented t>y add- 
ing the changes thereto. 

It should be noted that the data communication 
metfiods of the first to third embodiments are imple- 
mented by recording a communication program which 
performs communication by these communication 
methods, and t>y executing the program in a computer, 
a work station, a personal terminal such as an elec- 
tronic note, and so forth. 

Claims 

1. A data communication method in which transmte- 
sion/receiving is performed for each frame accord- 
ing to an unbalanced half-duplex high-level data 
Onk control communication method, and between 
one and the other stations, sakl mettiod comprising 
the step of: 

transferring transmission right to the other sta- 
tion, when the one station receives a frame, 
and the received frame is a transmission right 
transferring frame and is a data franrte. 

2. The data communication metiiod of claim 1 further 
comprising: 
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a frame decision step induding: 

a transferring frame decision step in which 
it is decided whether the received frame is 
a transmission right transferring frame; 5 
and 

a data frame decision step in which it is 
decided whether the received frame is a 
data frame; and 

a transmitting step in which a transmission io 
right transferring frame is transmitted to 
the other station when decided that the 
received frame is the transmission right 
transferring frame and Is the data frame in 
eaid frame decision step. is 

A data communication method in which transmis- 
sion/receiving Is performed fbr each frame accord- 
ing to an unbalanced half-duplex high-level data 
link control communication method, and between 20 
one and the other stations, said method comprising 
the steps of: 

temporarily storing a frame in a receiving 
buffer, and then fetching the frame therefrom 25 
when the frame is received; and 
deciding whether a transmission right transfer- 
ring frame is the most recent, when a frame of 
frames stored in the receiving buffer which Is 
fetched therefrom and processed is the trans- so 
mission right transferring frame, processing the 
transmission right transferring frame when 
decided that the transmission right transferring 
frame is the most recent, and abandoning the 
transmission right transfen-ing frame when 35 
decided that the transmission right transferring 
frame Is not the most recent 

The data communication method of claim 3 further 
comprising: 40 

a most recent frame extracting step including: 

a sequential reading step in which a least 
recent stored frame is read from the 46 
receiving buffer where received frames are 
tenporarily stored; 

a transferring frame decision step in which 
it is decided whether the read least recent 
frame is a transmission right transferring so 
frame; 

a stored frame decision step in which it is 
decided whether a transmission right 
transferring frame is stored in the receiving 
buffer; and 55 
a received frame abandoning step in which 
the read received frame is abandoned 
when decided that the read received frame 



is a transmission right transfen'ing frame in 
said transferring frame decision step and 
when decided a transmission right trans- 
ferring frame is stored in the receiving 
buffer in said stored frame decision step; 
and 

a processing step in which receiving 
processing Is performed to a received 
frame which is not abandoned but output In 
said most recent frame extracting step. 

5. A data communication method In which transmis- 
sion/receiving is performed for each frame accord- 
ing to an unbalanced half-duplex high-level data 
link control communication method, and between 
one and the other stations, said method comprising 
the step of: 

abandoning a received frame when an address 
field number of the received frame matches an 
address field number of a frame transmitted 
from the one station, in the connection state. 

6. The data communication method of claim 5 further 
comprising: 

a self receiving decision step including: 
a connection decision step in which it is 
decided whether current communication is in 
the connection state; 

an address field decision step in which compar- 
ison is made between the address field number 
of the received frame and the address field 
number of the frame transmitted from the one 
station, to decide whether there is a match 
between them; and 

a received frame abandoning step in which the 
received frame Is abandoned, when decided 
that the communication is In the connection 
state in said connection decision step and 
when decided that there is the match in said 
address field decision step; and 
a processing step In which receiving process- 
ing Is performed to a received frame which is 
not abandoned but output in said self receiving 
decision step. 

7. A data communication method In which transmis- 
sion/receiving Is performed for each frame accord- 
ing to an unbalanced half-duplex high-level data 
link control communication method, and between 
one and tiie other stations, said method comprising 
tiie steps of: 

temporarily storing a frame In a receiving buffer 
and then fetching the frame therefrom when 
the frame is received; 

processing a most recent frame of frames 
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Stored in the receiving buffer with respect to a 
transmission right transferring frame, and 
abandoning a transmission right transferring 
frame otiier than the most recent; and 
transferring tranOTiission right to the other sta- s 
tion when the processed most recent frame Is a 
transmission right tranef^ing firame and is a 
data frame. 

8. A data communication method in which transmis- io 
sion/ireoeiving is perft^med tor each frame accord- 
ing to an unbalanced half-duplex high-level data 
link control communication method, and between 
one atKj the other stations, said method comprising 
the steps of: ib 

abandoning a received frame when an address 
field number of the received frame matches an 
address field number of a frame transmitted 
from the one station in the connection state; 20 
and 

transferring transmission right to the other sta- 
tion when a frame which is not abandoned but 
processed is a transmission right transf^nring 
frame and Is a data frame. 2s 

9. A data communication method in which tiansmis- 
sion/ireceiving is perfbrmed tor each frame accord- 
ing to an unbalanced half-duplex high-leve! data 
link contrd communication method, and between 30 
one and the other stations, said method comprising 
the steps of: 

abandoning a received frame when an address 
field number of the received frame matches an 3s 
address field number of a frame transmitted 
from the one station in the connection state; 
temporarily storing a received ftame which is 
not abandoned but processed in a receiving 
buffer and then fetching the received frame 40 
therefrom; and 

processir^ a most recent frame of frames 
stored in the receiving buffer with respect to a 
transmission right transferring frame, and 
abandoning a transmission right traneferrlng 46 
frame other than the most recent. 

10. A data communication method in which transntis- 
slon/lreceiving is pertormed tor each frame accord- 
ing to an unbalanced half^fuplex high-level data so 
link control communication method, and between 
one arKf the other stations, said method comprising 
the steps of: 

abandoning a received frame when an address 66 
field number of the received frame matches an 
address field number of a frame transmitted 
from the one station in the connection state: 



tenfporarily storing a received frame which is 
not abar^ned but processed 'm a receiving 
buffer and then fetching the received frarr» 
there from; 

processing a nrost recent frame of fram^ 
stored in the receiving buffer with respect to a 
transmisston right transtorring frame, and 
abandoning a transmission right transferring 
frame other than the most recent; and 
transferring transmission right to the other sta- 
tion when the most recent frame is a transmis- 
sion right transterring frame and Is a data 
frame. 

11. A data communication apparatus which perfbrne 
transmission^eceiving for each frevne according to 
an unbalanced half-duplex high-level data link con- 
trol communication method, said apparatus com- 
prising: 

a transmitting/receiving unit fbr receiving data 
as a frame through a transmission m^ium. 
and transmitting data as a frame to the trans- 
mission m^lum; 

a frame creating unit fbr creating a frame to be 
transmitted and ou^utting the frame to said 
transmming/lreceivlng unit; 
a frame decision unit tor performing frams deci- 
sion Including transferring frame decision in 
which it is decided whether the rec^^ frame 
is a transmission right transferring frame and 
data frame dedston in vtfhich it is decided 
whether the received frame is a data frame; 
and 

a communication control unit tor instructing 
said frame creating unit to aeate and output a 
transmission right transferring frame, when 
decided that the received frame is the transmls- 
Blon right transferring frame and is the data 
frame from a result of the frame decision of 
said frame decision unit 

12. A data communication apparatus which peribrms 
transmission/receiving for each frame according to 
an unbalanced half-duplex high-level data link con- 
trol communi^on method, said apparatus com- 
prising: 

a transmittirtg/receiving unit fbr recdving data 
as a frame through a transmission medium, 
ar^ transmftting data as a frame to the trans- 
misston m^tum; 

a recdving buffer for temporarily storing the 
frame received lay said transmittingAreceiving 
unit; 

a frame decision unit tor performing sequential 
reading in which a least recent stored fiame is 
read from the receiving buffer where the 
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received frame ie temporarily stored, transfer- 
ring frame decision In which it Is decided 
whether the read ieast recent frame is a trans- 
mission right transferring frame, stored frame 
decision in which it is decided whether a trans- 5 
mission right transferring frame is stored in the 
receiving buffer, and received frame abandon- 
ing in which the read received frame is aban- 
doned when decided that the read received 
frame is the transmission right transferring ra 
frame and when decided that the transmission 
right transferring frame is stored in the receiv- 
ing buffer, thereby extracting the most recent 
frame from the frames stored in said receiving 
buffer with respect to a transmission right trans- is 
ferring frame; and 

a communication control unit for performing 
control so that the frame extracted by said 
frame decision unit is processed. 

20 

13. A data communication apparatus which performs 
transmission/receiving for each frame according to 
an unbalanced halfKiuplex high-level data link con- 
trol communication method, said apparatus com- 
prising: ^5 

a transmitting/receiving unit f6r receiving data 
as a frame through a transmission medium, 
and transmitting data as a frame to the trans- 
mission medium; 30 
a frame decision unit fbr performing connection 
decision in which it is decided whether current 
communication is in the connection state with 
respect to the frame received by sard transmit- 
ting/receiving unit, and address field decision in 35 
which comparison is made between an 
address field number of the received frame and 
an address field number of a frame transmitted 
from said apparatus, to decide whether there is 
a match between them, thereby deciding 40 
whether the received frame is a self-received 
frame in the connection state, and abandoning 
the self-received frame when decided that the 
received frame Is the self-received frame In the 
connection state; and 4s 
a communication control unit for performing 
control so thiat a received frame which is not 
abandoned by said frame decision unit is proc- 
essed. 

50 

1 4. A recording medium in which a data communication 
program which performs transmission/receiving for 
each frame according to an unlsalanced half duplex 
high-level data link control communicat" on method 

is stored, said program comprising the steps of: ss 

a frame receiving step in which a frame is 
received; 



a transferring frame deo'sion step in which It is 
decided whether the received frame Is a trans- 
mission right transfen-ing frame; 
a data frame decision step in which it is 
decided whether the received frame is a data 
frame; 

a transmission right transferring frame creating 
step in which a transmission right transferring 
frame is created when decided that the 
received frame is the transmission right trans- 
ferring frame in said transferring frame decision 
step and when decided that the received frame 
is the data frame in said data frame decision 
step; and 

a transmitting step in which the created trans- 
mission right transferring frame is transmitted. 

1 5. A recording medium in which a data communication 
program which performs transmission/receiving for 
each frame according to an unbalanced half duplex 
high-level data link control communication method 
is stored, said program conprising the steps of: 

a frame receiving step in which a frame is 
received; 

a tenporal storage step in which the received 
frame Is temporarily stored In a receiving 
buffer; 

a sequential reading step in which a least 
recent stored frame Is read from the receiving 
buff^; 

a transferring frame decision step in which it is 
decided whether the read least recent received 
frame is a transmission right transferring frame; 
a stored frame decision step in which it Is 
deckled whether a transmission right transfer- 
ring frame Is stored In the receiving buffer; 
a received frame abandoning step in which the 
read received frame is abandoned when 
deckled that the read received frame is the 
transmission right transferring frame in said 
transfen'ing frame decision step and when 
decided that the transmission right transferring 
frame is stored in the receiving buffer In said 
stored frame decision step; 
a most recent frame extracting step in which 
the read received frame is output in one of 
cases where it is deckled that the read 
received frame Is not the transmission right 
transfen'ing frame in said transferring frame 
decision step and where it is decided that the 
transmission right transferring frame is not 
stored in the receiving buffer In said stored 
frame decision step; and 
a processing step in which the received frame 
obtained in saki most recent frame extracting 
step is processed. 
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16. A recoitfing medium in which a data communic^ 
program which performs transmission/receiving for 
each frame according to an unbalanced half duplex 
high-level data link control communication method 
and between the one and the other stations, is 5 
stored, said program comprising the steps of: 

a frame receiving step in which a frame is 
received; 

a connection decision step in which it Is 10 
decided whether cun-ent communication is in 
the connection state; 

an address field decision step In which compar- 
ison is made t)etween an address field number 
of the received frame and an address field is 
number of a frame transmitted from the one 
station, to decide whether there is a match 
between them; 

a received frame abandoning step in which the 
received frame is abandoned when decided 20 
that the communication Is In the connection 
state in said connection decision step and 
when decided that there is the match in said 
address field decision step; and 
a processing step in which receiving process- 2S 
ing is perfbrmed to the received frame In one of 
cases where it is decided that the communica- 
tion is not in the connection state in said con- 
nection decision step and where it is decided 
that there in no match in said address field 30 
decision step. 
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